The homeotic genes that determine floral organ identity in plants turn out to be regulated by trans-acting factors related to the Polycomb-group proteins that have long been known as regulators of homeotic gene expression in Drosophila.
Cells choose fates according to information provided either by their progenitors or their neighbors. Although most research in developmental biology has focused on how a fate is established, equally important is how a fate is maintained once chosen. Maintaining a particular fate might, like its initial establishment, require information from the environment or from the cells' progenitors. The latter possibility -in effect the autonomous maintenance of a chosen fate -has been related to the inheritance of stable states of gene expression. In animals, two classes of regulatory factors with antagonistic function are known to ensure stable states of gene expression -the Polycomb and the trithorax groups of genes. Many of the protein products of Polycomb-group genes are found in highmolecular-weight complexes, and they are thought to affect gene expression through the local remodeling of chromatin. Although the Polycomb-group genes appear to regulate many different targets, most were first recognized because their inactivation disturbs the expression of homeotic selector genes in the fruitfly Drosophila [1] .
Homeotic selector genes in Drosophila and other metameric animals encode homeodomain-containing transcription factors that regulate the identity of segments according to their position along the anterior-posterior body axis. A rather different type of homeotic gene has been characterized in plants, where homeotic genes control floral organ identities along the radial axis of the flower. In contrast to homeotic genes in animals, those in plants are not arranged in gene complexes. And although none of the cloned plant homeotic genes encode a homeodomain protein, all of them encode DNA-binding proteins, most of which have a so-called 'MADS' domain [2] .
The functional similarity between animal and plant homeotic genes derives from the definition of homeosisthe transformation of one member of a series of homologous structures into another member of the same series. As segments in animals and floral organs in plants are among the most obvious series of homologous structures in the two kingdoms, mutations causing homeotic transformations of segments or floral organs are particularly easy to spot. One might argue whether the fact that both animal and plant homeotic genes encode transcription factors has any deeper significance, but a surprising additional similarity has now been discovered. Goodrich et al. [3] have found that a gene, CURLY LEAF (CLF), whose inactivation causes ectopic expression of the floral homeotic gene AGAMOUS (AG), is similar in sequence to the Drosophila Polycomb-group gene Enhancer of zeste, E(z).
There are four major types of floral organ, which are arranged in four concentric rings known as whorls, with the two outer whorls being occupied by vegetative organs -sepals and petals -and the two inner whorls by reproductive organs -stamens and carpels. Organ fate is determined by the combination of homeotic gene activities found in a specific whorl; the appropriate combinations of mutant alleles can thus produce any type of organ in any whorl. The various floral homeotic genes can each be defined as having one of three functions, known as A, B and C. Each gene is expressed in a pair of adjacent whorls, with the B domain overlapping the A and C domains on either side. The function of A alone specifies sepal development in the outermost whorl; A and B together specify petal development in the second whorl; B and C specify stamen development in the third whorl; and C alone specifies carpel development in the innermost whorl [2] .
Thus, the C function gene AG is normally active in the central two whorls, and its inactivation causes replacement of the reproductive organs by the vegetative organs, petals and sepals (Fig. 1) . The identity of sepals and petals is promoted by A function genes, such as APETALA2 (AP2), whose activity is normally confined to the outer two whorls of the flower, but which expands into the central two whorls in ag mutants [4, 5] . As AG also instructs the flower to produce only a limited number of organs, ag mutant flowers continue to generate new organs in the center and come to comprise many whorls of organs arranged as repetitions of the three-organ unit (sepals, petals, petals).
Several floral homeotic genes, including AG, encode proteins that act as genetic switches, and in wild-type plants their RNA expression is largely limited to those primordia and organs whose fate they control. The ectopic expression of these genes in transgenic plants causes homeotic transformations that are the opposite of the loss-of-function phenotypes. In the case of AG, constitutive expression throughout the flower leads to the replacement of sepals and petals by carpels and stamens [6, 7] . Constitutive AG expression also induces early flowering and the curling of leaves [8] .
It was the leaf phenotype of the appropriately named curly leaf (clf) mutant, together with mild homeotic transformations of the flower, which suggested to Goodrich et al. [3] that the clf mutation might be associated with ectopic expression of AG. They not only confirmed this hunch by RNA blotting and in situ hybridization, but also demonstrated that ectopic expression of AG is indeed responsible for the clf phenotype by showing that an ag mutation is almost completely epistatic to clf. The in situ hybridization studies also revealed some of the finer points of ectopic AG expression. While accumulation of AG RNA is obvious in both emerging and adult leaves, it is conspicuously absent from the shoot apical meristem, the site of leaf primordium initiation. A similar effect is seen in flowers, where ectopic AG RNA expression is more apparent in advanced flowers than in the youngest flower primordia.
These observations suggested that, in a clf mutant, the defects in AG expression lie not so much in the initial establishment of expression, but rather in the maintenance of the correct expression pattern.
Such a failure to maintain a gene in a repressed state is reminiscent of the effects seen in Drosophila Polycombgroup mutants, in which homeotic selector genes are initially expressed normally, but later during embryogenesis become derepressed [1] . These phenotypic parallels are matched by a tantalizing similarity in sequence of the CLF gene to Polycomb-group genes. The cloning of CLF was facilitated by a transposon-induced allele, and its sequencing revealed that the deduced protein is particularly similar to the product of E(z), a Polycomb-group gene known to be conserved between Drosophila and other animals [9] . Lossof-function E(z) mutations are, like clf mutations, associated with a failure to maintain the repressed state of homeotic genes, although it was through a gain-of-function allele affecting eye color that E(z) was first identified. However, neither CLF nor E(z) is sufficient to repress its target genes, as both have expression domains that overlap with those of the homeotic genes that they regulate.
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Figure 2
Leaves of wild-type (left) and curly leaf mutant (right) Arabidopsis plants that carry a ␤-glucuronidase reporter gene driven by AGAMOUS regulatory sequences. Only the curly leaf mutant shows reporter gene activity, as indicated by blue staining [14] . (Photographs courtesy of Leslie Sieburth, McGill University, Montréal.) Figure 1 A comparison of wild-type (left) and agamous mutant (right) Arabidopsis flowers. Stamens and carpels are absent from the center of the agamous flower, and are replaced by additional sepals and petals. In addition, the agamous flower is indeterminate, and new sepals and petals are repeatedly initiated in the center.
The mutant phenotypes as well as the molecular data thus all point to CLF and E(z) having similar functions, but there are differences as well. For example, Polycomb-group genes control a host of target genes, while CLF has few apparent functions apart from maintaining AG repression, as the clf phenotype is almost completely suppressed by an ag loss-of-function mutation. Although weak expression of the homeotic gene APETALA3 (AP3) is detected in leaves of clf mutants, this does not seem to have phenotypic consequences. It is of course conceivable that AP3 and other homeotic genes are regulated by redundant factors, candidates for which include the EMBRYONIC FLOWER (EMF) genes [10] . In the severe emf1-2 mutant, several homeotic genes, including AG, are ectopically expressed in leaves, which also develop many carpelloid features (Renee Sung, personal communication).
Another difference between CLF and Polycomb-group genes is that the ectopic expression of homeotic genes in Polycomb-group mutant fly embryos occurs at a time during embryogenesis when the homeotic genes would normally be expressed in wild-type flies, albeit in a more restricted fashion. In contrast, ectopic AG expression in leaves of clf mutants occurs during a phase of the plant life cycle when there is normally no AG expression at all, and it is therefore not necessarily obvious why AG expression needs to be kept repressed in leaves.
An alternative view of the normal role of CLF relates to the observation that the activity of several floral regulatory factors seems to increase during the plant life cycle. For example, the floral defects in ap2 and leunig (lug) mutants, which are associated with derepression of AG in the flower, are more severe in those flowers that are produced late in the life cycle of the plant [4, 11] . Similarly, two other homeotic genes, AP3 and PISTILLATA, can induce petal features only in those leaves that are generated late during the plant life cycle [12] . These and other observations have led to the proposal that expression of downstream floral genes is dependent not only on activation by genes such as LEAFY and APETALA1, which control the initiation of individual flowers, but that an additional important component is progressive derepression of many floral genes as the life cycle advances [13] . It is conceivable that CLF is a component of this postulated derepression mechanism, and that CLF activity itself is regulated during the plant life cycle.
The cis-acting sequences that are required for CLF mediated transcriptional repression have recently been localized to one of the AG introns [14] (Fig. 2) , and it is now possible to dissect the molecular interaction of CLF and AG in detail. In addition to helping us to distinguish between the different hypotheses about CLF function, these experiments should tell us whether the various repressors of AG use the same, or different, cis-acting elements, and whether CLF acts through the same cisacting elements in both flowers and leaves. Further studies should also help clarify the functional relationship between general repressors, such as CLF, and flowerspecific repressors of AG, such as AP2 and LUG.
